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DIGEST

1
Y

Dual-doppler radar data were collected near Denver,
CO during the summer of 1982 to study the phenomenon of
microbursts within the boundary layer. Horizontal and

vertical fields of reflectivity, vertical velocity, per-

turbation temperature and pressure are obtained from the
radar data to assist in this microburst study. Three time
periods on 5 August are used to detail the chronological

development of microbursts: 1845, 1847 and 1850 MDT.

The fields of perturbation pressure and temperature
are derived from the 3-dimensional wind field using a
thermodynamic retrieval method based on the momentum equa-
tions. Inclusions of local time tendency terms in the
momentum equations will increase resolution of these

fields.

During the 1845-1850 window, there are two micro-
bursts, and one downdraft whose outflow does not extend to
the surface. The two microbursts are in close proximity to
each other, so the outflow from one results in upward
vertical motion that helps 1ift surface moisture to con-
dense at wupper levels and help sustain the downdraft
intensity via precipitation loading. At the gust front,

the wvertical shear of the horizontal winds creates a

rotary~type circulation that is lifted at the gust front




boundary. This rotation helps to maintain the microburst
by steering dry upper-level winds into the column to cool
the downdraft. The upper~level flow maintains its momen-
tum during the entrainment into the downdraft to eventu-

ally diverge at the surface.

Microburst development is a result of many factors,
including interaction with its environment. 7The rate of
development is directly related to ample supplies of warm,
moist low-level air, and upper-level high velocity dry

air.
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l. Introduction

The microburst, a divergent horizontal wind flow near
the surface, was identified by Fujita (1976) and further
studied by many authors including Wilson et al. (1984).
Fujita coined the name "microburst" to identify a distinc-
tive downdraft that produces an outflow of damaging hor-
izontal winds at the surface extending up to 4 km in diam-
eter. This basic definition was refined by Wilson et al.
(1984) to include a differential wind velocity of the
divergent outflow at the surface greater than [0 m/s

within the 4 km diameter.

A microburst is thus an enhanced downdraft of air
within a 4 km diameter capable of producing intense,
damaging low-level winds. Across the microburst center,
the differential outflow velocity at the surface is more
than 10 m/s, and the maximum distance between outburst
flows and approaching/receding centers is less than 4 km
(Wilson et al. 1984). This criterion distinguishes a
microburst from a downdraft that does not reach the sur-

face to spread its outflow horizontally.

The microburst is capable of causing aircraft crashes
due to the strong diverging horizontal winds and shear
that results when the downdraft reaches the surface. This

low-altitude wind shear hazard was tragically highlighted




with the crash of Eastern Airlines Flight 66 on approach
to JFK Airport in New York on 24 June 1975. The crash was
caused by an intense small-scale downdraft descending to
the surface and spreading out horizontally: a microburst
(Fujita, 1977). The sharp changes in both horizontal and
vertical wind speed and direction as a result of a micro-
burst and its associated turbulence at the gust front can
be hazardous to aircraft, especially during takeoffs and

landings.

Microbursts were studied extensively in the Northern
Illinios Meteorological Research on Downbursts (NIMROD)
Program (1978) and also during the Joint Airport Weather
Studies (JAWS) Project (1982). 1In these studies, micro-
bursts were studied using Doppler radar observations of
the diverging outflow near the surface. Many authors have
studied the effects of convective storms and the organiz-
ing systems that can produce microbursts and the damaging
winds they can produce in such short time over a small
scale. The kinematic structure of JAWS microbursts were
studied by Wilson et al. (1984), Hjelmfelt (1987,88), and

many others.

The JAWS Program was undertaken in the summer of 1982
in the wvicinity of Denver's Stapleton International Air-
port to study the development of convective storms and the

microbursts they produced. The site was chosen because of




the almost daily convective thunderstorms that occur as a
result of Stapleton's proximity to the front-range of the
Rockies and the orographics that enhance the effects of
thermal 1lifting of air parcels. The late afternoon thun-
derstorms that are so common during the summer in Denver
provide an ideal 1location for the study of microbursts

occurring in convective storms.

The JAWS project was held during the summer of 1982
to focus specifically on the microburst phenomenon. Wil-
son et al. (1984) identified more than 70 microbursts in
the Denver area from 15 May through 9 August 1982. They
found that a typical JAWS microburst has the horizontal
dimension of 1 to 3 km, a lifetime of 5 to 14 minutes and
a period of severe shear from 2 to 4 minutes. It produces
an average wind differential of approximately 25 m/sec.
The primary instruments used for the JAWS project were
three pulsed Doppler radars: CP-2 (10cm), CP-3 and CP-4
(both 5 ecm). Analysis of the 5 August case microbursts was
done using a dual- Doppler analysis. The scanning strategy
for the two radars consisted of coordinated constant
elevation sector scans that began and ended at nearly
identical times. This study will use three August 5 time
periods: 1845, 1847 and 1850 MDT. Two microbursts and one
enhanced downdraft that does not reach the surface will be
examined to study the microburst phenomenon that is so

common during convective storms.




2. Statement of the Problem

The objective of this paper is to increase under-
standing of microburat structure, evolution and develop-
ment using a summertime storm that occurred on 5 August

1982.

The microburst-producing storm was measured by dual-
Doppler radar operating as a part of the JAWS project.
Data for three time periods of 5 August are studied: 1845,
1847, and 1850 (MDT). VWithin the time window, there is
one main microburst, Ml, and a rapidly developing second
microburst, M3. There is also an enhanced downdraft, D2,
present throughout the period. Recall that a downdraft is
a rapid flow of cool downwardly-moving air that does not

extend to the surface.

Many have investigated microburst producing convec-
tive storms wusing dual-Doppler JAWS data. Elmore et al.
(1986) studied the storm on 5 August 1982, with emphasis
on Ml and its associated wind shear effects. Coover's
Ph.D. dissertation (1988) studied the microburst-producing
convective storm on 5 August. His study detailed micro-
burst structure within the 1845-1850 time period. His
regsearch 1included computing perturbation temperature and
pressure fields, budgets of momentum flux and eddy kinetic

energy. Coover studied the 1845 to 1850 period exten-




sively, but he was unable to analyze the storm at the 1847
time period; thus, there is a five minute period between
complete radar scans. This report will study microburst
structure during the 1845-1850 time frame, with emphasis

on the intermediate time period of 1847.

Data for one of the Doppler radars at 1847 is unus-
able. To allow analysis of the 1847 time period, a data
set for both radars is necessary. To compensate for the
missing radar's data at 1847, a composite, linearly inter-
polated data set using the results at 1845 and 1850 to

represent the missing 1847 data is computed.

The addition of the 1847 time period allows use of
the 1local time tendency term in the momentum equasions,
thereby producing greater detail in the recovered pertur-
bation pressure and temperature fields. Use of three time
periods allows small enough time intervals to make the
inclusion of local tendencies desirable. Forward tenden-
cies from 1845 to 1847 (2 minutes) and backward tendencies
from 1850 to 1847 (3 minutes) are included in the momentum
equations for the 1845 and 1850 time periods (respec-
tively). The 1847 time period uses a forward difference
from 1847 to 1850 (3 minutes). Using local time tenden-
cies will allow a more through study of the mirobursts
because of enhanced perturbation pressure and temperature

fields.




The goal of this report is to investigate microburst

development and structure with:

1). Use of the intermediate time period 1847 to
more throughly study microburst development

within the 1845-1850 time period.

2). Use of thermodynamic fields enhanced by the
inclusion of local time tendencies in the momen-
tum equations for all three periods to obtain
detailed perturbation temperature and pressure

fields.




3. Methodology

Dual-Doppler radar was used to collect raw data from
two sites near Denver's Stapleton Airport on the afternoon
of 5 August 1982. Shallow volume scans (5 levels) were
centered on times 1845, 1847 and 1850 MDT. Due to an
equipment problem, the CP-3 radar was unable to properly
obtain data for the 1847 period, although there were no
problems encountered with either radar at 1845 or 1850.
To compensate for the missing 1847 data, the linearly
averaged composite of the CP-3 data at 1845-1850 was used

to represent the CP-3 radar at 1847.

There were 5 analysis levels ranging from 0.25 to
1.25 km, with 0.25 km of spacing between scans vertically.
The horizontal spacing was 0.5 km, while the wvertical
spacing was 0.25 km. Shallow volume scans with five layer,
0.25 km vertical resolution is well suited for the study
of the microburst phenomenon. The data from the radar

scan is collected in radial form.




3.1 Data Analysis Techniques

The raw data from the Doppler return signal 1is pro-
cessed according to the procedure outlined by Lin and

Pasken (1982) as follows:

1). Conversion of radar data from spherical to
Cartesian coordinates.

2). Values exceeding pre-set tolerances are elim-
inated and "folded" velocities are corrected.

3). Interpolation to a two-dimensional array.

4). Three-dimensional wind field is computed from
the gridded fields.

5). Thermodynamic retrieval is performed.

6). Evaluation of displayed results.

Dual-Doppler data were analyzed to produce a detailed
wind field. Processed radar data is composed of radial
velocities from the two radars and reflectivity, which
will be wused to compute vertical velocity. Synthesis of
the wind field from the dual-Doppler data was formulated
by Armijo (1969). He is able to accurately determine the
three components of wind velocity using the equation of
continuity that identifies a point in the three-
dimensional (U,V,W) wind f£ield. The Armijo method derives
the horizontal wind components (U,V) from radial veloci-

ties produced by the received radar signal. Vertical velo-




cities (W) are computed from the anelastic continuity

equation.

Once the detailed wind field is derived, fields of
deviation pressure and virtual temperature were retrieved.
The fields of deviation perturbation pressure and virtual
temperature were recovered via the thermodynamic retrieval
method of Gal-Chen (1978). He used the momentum equations
and the detailed wind field to compute the perturbation
pressure and temperature at each horizontal level. He also
suggests a verification method based on momentum checks to
est.mate relative errors in the recovered pressure field

at each level.

Gal-Chen's method of thermodynamic retrieval uses the
momentum equations and the observed 3-D wind field to
determine pressure and temperature fluctuations. His
technique recovers the perturbations of pressure and tem-
perature using the momentum equations, which can be writ-

ten for a moving coordinate system as follows:

3p'/dx = -p(DU/DT) + £, = F (1)
ap'/dy = -p(DV/DT) + fy =G (2)
ap'/3z = -F(DW/DT) - pg + fz - H (3)

where the primed quantities represent perturbation quanti-

ties. DU/DT, DV/DT and DW/DT are accelerations in the X,
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Y, and 2Z axes, respectively.

These momentum equations can be broken down as fol-
lows into their local quantities. The momentum equations

in a Cartesian coordinate system are written as:

du/dt = -u(9u/dx)-v(du/dy)-w(du/3z) —1/$(8p‘/8x)+fx (4)
av/at = -u(dv/3ax)-v(3dv/ay)-w(dv/dz) —ll'ﬁ(ap'/ay)+fy (5)

dw/at = -u(du/dx)-v(dw/dy)-w(dw/dz) —1/’5(8p'/az)+fz (6)

where £ i represents forces other than the pressure

gradient force per unit mass, primarily friction.

From (4) and (5), the horizontal pressure perturba-

tions can be written as follows:
3p'/3x =-F{u(du/ax)+v(3u/ay)+ w(au/az)+(au/6t)+fx]- F (1)

dp'/3y =-P{u(dv/ax)+v(3v/dy)+ w(avlaz)+(av/at)+£y}- G (8)

It is seen from (7) and (8), that the local time tendency
terms (3u/dt) and (3v/dt) are factors in the momentum
equations. In general, the local acceleration terms are
comparable in magnitude to the advective acceleration

terms.
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In the horizontal perturbation pressure equation, P'
is obtained by use of successive over-relaxation (SOR)
with the Newmann boundary condition. This involves solving
the following partial differential equation as (7) is dif-
ferentiated with respect to x, and (8) is differentiated

with respect to y:

(32p'/0x%) + (8%p'/ay?) = (8F/dx) + (3G/3y) (9)

Gal-Chen (1978) noted that a unique solution to (9)
exists only if the average perturbation pressure for that
horizontal level, denoted by <P'>, is removed from P' of
(9). The deviation perturbation pressure exists as a
pressure perturbation difference from the horizontal aver-

age perturbation pressure, and is thus defined as:

P'd = P' - <P

Once the detailed field of deviation perturbation
pressure (P'd) is obtained, the deviation virtual tempera-
ture field (T'vd) is calculated from the buoyancy equa-

tion.
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3.2 Momentum Checks to Indicate Data Accuracy

P'd is exact only under error-free conditions. Gal-
Chen and Hane (1981) proposed a measure of relative error,
Er' This relative error is considered an indicator of the
data retrieval accuracy, and is a measure of the "goodness
of £it" of the perturbation pressure gradients and the
known functions F and G. The retrieved fields are sub-
jected to momentum checks to determine a level of confi-
dence of the data's accuracy before interpretation. Er is
thus a coefficient of error in pressure retrieval. Such
values are used to indicate how well the derived pressure
per-.urbations balance the dynamic equations. Er is an
indicator of the accuracy of the retrieved perturbation
pressure field. Values of Er less than 0.5 are desirable;
however, it is also important to examine the physical con-
sistency of the pressure field perturbations with respect
to the storm's kinematic structure to see if the fields

are in general agreement with the fields of vertical velo-

city and reflectivity.

The momentum check values for the 1845, 1847 and 1850
time periods using the entire 31 x 31 matrix are shown in
Table I. Local time tendency was not included in these
calculations. Note that the smaller (most desirable)
values of momentum checks are in the lower levels of the

radar scan. Values less than 0.5 are desirable for a good
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momentum check, and as a general rule, the smaller the
momentum check, the better the accuracy of the retrieved

perturbation pressure field.

Since the 1847 time period used composited data to
represent the CP-3 at 1847, there was concern of poor
momentum checks indicating it is not permissible to use
the composited data as a substitute for actual raw Doppler
data from the field. An examination of Table 1 reveals
the momentum checks for the 1847 time period are of the
same general value as those from the 1845 and 1850 time
periods. The averaged data at 1847 for the CP-3 radar
seem to be an accurate representation of what' the radar

would have seen at 1847 if the CP-3 had functioned nor-

mally.

As seen in (7) and (8), inclusion of the 1local ten-
dency terms, (du/dt) and (3v/3t), in the momentum equa-
tions should improve momentum checks and thus enrich the
retrieved pressure perturbation field. To avoid the inad-
vertent use of unreasonable values of local time tenden-

2 m/sz) was

cies, an upper and lower limit of (+/- 4x10
used to eliminate values of (3u/3t) and (9v/3t) that are
not physically reasonable. This number was is based on a 5
m/s change in the horizontal wind over a two minute

period. Also, a five-point smoothing technique was used

to eliminate spurious data spikes that can occasionally




15

occur in the retrieved velocity fields used to calculate

local time tendencies.

The values of momentum checks obtained after includ-
ing the 1local time tendency terms are shown in Table 2.
Note that at some levels, the values of momentum check
actually worsened with the addition of the local tendency
terms. This is probably due to data of poor quality near
the outer 1limits of the matrix at a particular level.
Reducing the matrix by two rows and columns from 31 x 31
to 27 x 27 should eliminate most spurious noise and data

of questionable quality near the edges of each matrix.

Table 3 also shows the result of eliminating two rows
and columns from each matrix and how the accuracy of
momentum check at virtually every level improved. Oof
course, not all of the data eliminated in such a matrix
reduction is of poor quality, and there is always the pos-
sibility of rejecting valuable data. Eliminating authen-
tic data would cause momentum checks to deteriorate. For-
tunately, the momentum checks listed in Table 3 indicate
most of the data eliminated in the matrix reduction was of
questionable quality and purging it improved momentum

checks, especially in the lower levels.
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The addition of the local time tendency terms (3du/at)
and (9v/dt) in the momentum equations yielded improved
momentum checks at virtually all levels. These improved
momentum values indicate the retrieved perturbation pres-
sure field obtained with the momentum equations that
included local time tendency terms will be a more accurate
representation of the physical variables present 1in the
microburst, and a more complete representation of the
storm's structure. The improved thermodynamic fields will
demonstrate desirability of including local time tendency
terms in the momentum equations used to derive perturba-

tion pressure.




4. RESULTS

Horizontal plots of the wind flow field, reflec-
tivity, vertical velocity, deviation perturbation pressure
and temperature are used to analyze the storm. The first
vertical 1level plotted is 0.25 km, with subsequent plots
at 0.25 km intervals, up to an upper-most level of 1.25
km. In addition to the horizontal plan view plots, two
vertical slices were taken of the domain of interest to

obtain cross-section plots.

4.1 Plan View Plots (tendency not considered)

This series of horizontal plots will be done omitting
the 1local time tendency terms in the momentum equations
used to derive the pressure and temperature fields. These
horizontal plots are centered on the scan times of 1845,
1847 and 1850 MDT, and take incremental horizontal slices
of 0.25 km up to the top layer of 1.25 km. With a 0.5 km
grid spacing for each horizontal slice, enough detail is
obtained to allow study of the sub-cloud layer and ade-

quately detail the microburst.

19
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4.1.1 1845 Plan View Plots

The plan view for the 0.25 km horizontal wind and
reflectivity fields are shown in Figure 4.1. Distances are
in kilometers from the CP-2 radar. The figure shows that
the microburst, Ml, and the downdraft, D2, occur in the
reflectivity areas greater than 50 dBz. Ml is 1located at
(x = -2, y = -23.5). D2 is located to the northwest of Ml
at (-6, -19.5). The environmental mean flow is from 220°
at 3 m/s. The gust front resulting from Ml's outflow is
shown with a dashed line. Note that a cyclonic circulation
(C) 1is present at the southern end of the gust front ( O,
-25.5). At the 0.25 km level, there is no manifestation of
outflow from D2 as there is from the microburst. The
diverging outflow of Ml is clearly shown, and the absence
of a divergent outflow at the surface associated with the
downdraft is apparent. Microbursts are usually found at
the highest values of reflectivity. The microburst and the
downdraft are both identified as areas with high reflec-
tivity. This high reflectivity is due to hydrometeors such

as rain and/or hail in the downwardly-moving rain shaft.

The vertical velocity for this level at 1845 is shown
in Figure 4.2. Note the downward vertical motion (-0.6
m/s) associated with M1, as well as upward vertical motion
as a result of convergence along the gust front. The

negative vertical motion associated with the downdraft 1is
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Fig 4.1 Plan view of the horizontal wind field and
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Fig 4.2 Same as Fig 4.1, except for vertical velocity.

22




23

not being felt at this level, and downward motion associ-

ated with D2 is absent at the lowest level.

The perturbation pressure field for the 0.25 km layer
at 1845 1is shown in Figure 4.3. The microburst has a
well-defined surface meso-high where the downflow con-
verges near the surface (-2, -24). Just to the east, out-
flow from Ml converges with the environmental flow to form
the gust front, as designated by the dashed line.
Although the wind flow pattern shows D2's downwardly-
moving flow has not yet reached the surface, as evidenced
by the non-disrupted environmental flow near D2, the down-
draft does cause positive pressure perturbations at the
0.25 km level. This indicates downward vertical motion

must be taking place in the layer(s) above.

The temperature of the 1845 time period for 0.25 km
is shown in Figure 4.4. The microburst has a well-defined
cold core at 0.25 km as the downwardly-moving cooler air
converges toward the surface. The air is cooled because
its velocity is slow enough that it can ventilate the
downdraft and cool via evaporative cooling. The cool
downdraft of D2 is not clearly shown based on this tem-
perature plot, since the downdraft does not extend to the

0.25 km level.
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Because the temperature plot did not consider ten-
dency in the thermodynamic retrieval calculations, the
temperature and pressure fields will not be as concise and
accurate as they will with the tendency included cases,

which will be discussed in Section 4.3 of the thesis.

The second level to be considered for the 1845 period
is 0.5 km. The reflectivity field, shown in Figure 4.5,
reveals that both D2 and Ml are shown to be areas of high
reflectivity. At (1.5, -23), a second microburst, to be
labelled M3, will rapidly develop in the coming minutes in
the high reflectivity area of 50 dBz, which indicates the
presence of a precipitation-laden downdraft. Based on
high reflectivities at 0.25 and 0.5 km, it is apparent
that this area could be a developing downdraft or micro-
burst. There 1is no divergent outflow from this new high
reflectivity area, so it is not obvious that a microburst
may be forming. A closer examination of this area during
the next five minutes will allow the study of the rapidly

developing microburst.

The vertical velocity field for 0.5 km is displayed
in Figure 4.6, The sinking area in the vicinity of Ml
shows it to be an area of negative vertical velocity. D2
is not yet apparent at this level, so the downdraft has
not extended itself to this level at 1845. Note that a

relatively weak value of -1 m/s vertical motion associated
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with D2 is near the area of highest reflectivity. Both Ml
and D2 are located in areas of sinking motion, although Ml

is stronger at this level.

The next level for the 1845 case is 0.75 km. The hor-
izontal wind field is shown in Figure 4.7. Unlike the two
levels below, the mean flow is almost exclusively environ~-
mental wind from the southeast. This level does not seem
to support entrainment into the downdraft, as evidenced by
the non-attraction of the environmental wind to the down-
draft. At this level, the downdraft and the environmental
flow seem to act independently of each other and have lit-
tle interaction. The cyclonic circulation at (-1.5, -25)
is still apparent and its radius of circulation has

increased.

The 1 km wind flow is shown on Figure 4.8. The wind
field is beginning to show a pattern of flow from areas of
low to high reflectivity. Entrainment of dry air is begin-
ning to occur at the 1 km level, as the flow is turning
toward the descending precipitation shaft. The cyclonic
circulation that was apparent in the first three levels in
the vicinity of (-1.5, -25) is not obvious at this level.
The area of strong reflectivity associated with the
developing microburst/downdraft to the east of Ml contin-

ues to show strong values of reflectivity.
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The vertical velocity field for 1 km is shown in Fig-
ure 4.9, Ml and D2 show vigorous downward vertical
motion. The high reflectivity region to the east of Ml
shows no obvious vertical velocity, and shows no signs yet
of developing into a larger downdraft, or into extending
to the surface to form a microburst. There is no obvious
flow of environmental flow toward this region, so it has
not yet begun to entrain dry air into the rain-shaft. For
this time period, this region is nothing more than an area
of high reflectivity that should continue to develop

throughout the period.

The wind field for 1.25 km is shown in Figure 4.10.
Note the general cyclonic turning of the winds around both
Ml and D2, Both are collecting and funneling dry environ-
mental air into the downward-moving shaft each possesses.
Such dry air will enhance evaporative cooling, especially
near the outside edges of the downdrafts. As the cooling
process increases, the strength of the downflow should
increase. This environmental air being entrained into the
downdraft will bring its upper level momentum to the sur-

face and thus strengthen the outflow velocity.

The vertical motion field for the 1.25 km level s
shown in Figure 4.11. Note the area of downward vertical
motion near both Ml and D2. In the area to the sast of Ml

(0, 25.5), the high reflectivity area is beginning to show
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development as the negative vertical motion becomes
apparent (-2.0 m/s). The outflow from Ml should help to
feed the inflow of positive vertical velocity in the area

of (-1.5, -26).
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4.1.2 1847 Plan View Plots

Plan views of the 1847 time period will now be stu-
died, which is two minutes later than the previously dis-
cussed time period. Data collection for 1847 was incom-
plete because the CP-3 radar was unable to receive data
due to equipment malfunctions. To obtain usable data for
the 1847 time period, a linearly-averaged composite data
set was computed using results from 1845 and 1850. Momen-
tum checks of the 1847 perturbation pressure indicate the
CP-3 composite arrangement for the 1847 radar scan is a
valid representation of the time period. The CP-4 radar
set functioned normally throughout the entire time period
under study, and data was retrieved in the normal fashion

with no difficulties.

The reflectivity and wind flow plot for the 1847 time
period (tendency not considered) is shown in Figure 4.12.
The 50 dBz contours identify the three areas of interest:
Ml, M3 and D2. Just as at 1845, the development of Ml is
vigorous, and the pronounced divergent outflow continues
from Ml. There 4is no indication of such an outflow from
M3, but the flow has become slightly divergent at 0.25 km,
nonetheless. The high reflectivity area associated with M3
has also grown. The reflectivity in this area has
increased from 40 to 50 dBz since the 1845 scan,

representing a 10 dBz increase in only two minutes. The
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gust front in the vicinity of (0, -24) is very apparent
from the wind flow pattern based on the convergence of the

winds that essentially defines the front.

Figure 4.13 shows the vertical velocity at 0.25 km
for the 1847 MDT period. Ml is shown to be an area of
strong downward vertical motion. It is, however, hard to
distinguish the newer microburst, M3, based on the verti-
cal motion field since M3's vertical velocity at 0.25 km
is weaker than Ml's. There is evidence from the divergent
wind flow pattern in Figure 4.12. at ( 2, -24.5) that the
area has become a microburst. From 1845 to 1847, the area
grew rapidly, and it should now be considered a microburst
based on the evidence of the divergent wind flow at 0.25
km. The downdraft, D2, shows rather strong vertical motion
at this level, but the low-level wind field at 0.25 km for
1847 remains unaffected by the downdraft. At 1847, D2 can
not yet be considered a microburst, but it seems to be
growing and its flow may possibly break through to the

surface by the next radar scan at 1850 MDT.

The perturbation pressure pattern for the 1847 case
is shown in Figure 4.14. The convergence at the surface
causes a bubble-high where Ml's downdraft reaches the sur-
face. There is a strong meso-high for the downdraft, D2,
at the 0.25 km level. D2 shows an increase in perturba-

tion pressure at the surface, This increase in perturba-
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tion pressure at the surface is due to D2's downdraft as
it approaches the surface. The perturbation pressure felt
at the surface directly under the path of the downdraft
above would certainly increase due to the weight of the
converging air mass above. Thus, the perturbation pres-
sure field can serve as an indicator of changing flow
above. The perturbation pressure field for this same time
period with tendency included would show more detail in

the pressure field, and will be discussed at a later time.

The temperature pattern for the 1847 case at 0.25 km
is shown in Figure 4.15. Note that the core of Ml shows a
cold temperature anomaly at the surface as the cooled air
from the downdraft converges at the surface. The gust
front is well defined based on the cold anomaly where the
converging outflow from the microburst is contrasted with
the environmental air in the region between Ml and M3.
Outflow from a microburst is generally cold in comparison
to the surrounding air due to evaporative cooling within
the downdraft as moist air is mixed with drier environmen-

tal air above 1 km.
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The reflectivity pattern for 0.5 km is shown in Fig-
ure 4.16. Ml and M3 have developed a strong reflectivity
region of 50 dBz that presents a bow-echo effect. At 1845,
this feature was not discernable, and the 50 dBz contour
that identified M3 was barely distinguishable. The
cyclonic circulation at the south end of the gust front is
also apparent, and its radius of rotation has grown from

the 0.25 km level.

The 0.5 km vertical velocity field is shown in Figure
4.17. Strong vertical velocity is displayed for Ml, while
M3 and D2 are showing signs of increased vertical motion

that was not apparent at the 0.25 km level.

Looking at the reflectivity and wind flow field for
0.75 km, as shown in Figure 4.18, there is little interac-
tion between the environmental £flow and the shafts of
downward vertical motion associated with M!, M3 and D2.
The predominant flow is from the southeast, and there is
no evidence of entrainment of the environmental flow into
the downdrafts, as evidenced by the uniformity of the
environmental flow as it seems to ignore the d> wndraft

core.
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